Parasite N-glycans may play an important role in helminth infections. As antibodies from Dictyocaulus viviparus-infected calves strongly react with N-glycans, we investigated the characteristics of the major immunodominant glycoprotein (GP300) of this parasite. Probing of worm extracts with various lectins demonstrated unique binding of GP300 to wheat germ agglutinin. Analysis of lectin-purified GP300 revealed that the glycan was substituted with phosphorylcholine and reacted with the phosphorylcholine-specific antibody TEPC-15. Competitive enzyme-linked immunosorbent assay with GP300-coated plates and GP300-specific immunoglobulin G (IgG) in conjunction with free phosphorylcholine or TEPC-15 demonstrated that antibodies from infected calves recognized phosphorylcholine on GP300. Additional assays showed that these antibodies cross-reacted with the phosphorylcholine moiety present on platelet-activating factor (PAF; 1-O-alkyl-2-acetyl-snglycero-3-phosphocholine), a proinflammatory mediator of the host. Heavily infected calves contained high levels of serum GP300-specific IgG1 but low levels of IgA and IgG2 and showed a reduced influx of eosinophils in the lungs, all consistent with a neutralization of PAF activity. In conclusion, we demonstrated that D. viviparus infection elicits GP300-specific antibodies that cross-react with PAF and may neutralize PAF function, thus limiting the development of a protective response as well as parasite-induced host pathology.
Helminths are well adapted to their host and have evolved sophisticated strategies to avoid or modulate the host immune defense. Although the exact mechanisms via which helminths subvert the host responses are not completely understood, they typically induce an anti-inflammatory environment (22) . At higher worm burdens, however, this may not be sufficient to prevent disease, as exemplified by the nematode Dictyocaulus viviparus, the etiologic agent of parasitic bronchitis in cattle. This parasite is ingested as larvae that, after penetration of the intestinal wall, migrate via the lymph nodes and the blood circulation to the lungs, where they mature into adult worms. Eggs produced by theses adults are coughed up, swallowed, and excreted in the feces as first-stage larvae. In the lungs, pathology develops due to the influx and activation of eosinophils and mast cells that cause restriction of the airways and a collapse of the alveoli, resulting in edema and emphysema (16) .
Since during natural D. viviparus infection the host ultimately generates a protective immune response (18) , prevention against this nematode infection through vaccination may be feasible. Serum transfer experiments in calves indicate that protection is accomplished via immunoglobulins (Igs) (17) . Antibody responses against nematodes are often directed against glycoconjugates (5, 28) . Immunologically important typical features of nematode glycans include core ␣(1,3) fucosylation, instead of core ␣(1,6) fucosylation as in mammals, and the decoration of complex type N-glycans with phosphorylcholine (PC). The presence of both core ␣(1,3) fucose and PC cause the glycans to be highly immunogenic (1, 6, 9, 31) , while core ␣(1,3) fucose may also give rise to strong allergic reactions.
In search for protection-inducing antigens of D. viviparus, we recently identified several glycoproteins that were highly immunogenic. The antibody response was almost exclusively directed against the N-glycan moieties (19) . The most immunodominant antigen in adult excretory-secretory (ES) products was a highmolecular-weight glycoprotein that appeared on sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) gels as a double band of ϳ200 to 300 kDa (GP300). The nature of the immunodominant glycan, however, was not determined. In the present study, we purified GP300 by use of lectin chromatography and identified the nature of the major immunodominant epitope.
In addition, we demonstrate that GP300 shares immunoreactivity with the mammalian inflammatory mediator platelet-activating factor (PAF; 1-O-alkyl-2-acetyl-sn-glycero-3-phosphocholine). It is hypothesized that this shared immunoreactivity results in downregulation of the inflammatory responses against D. viviparus.
MATERIALS AND METHODS
Parasites. Adult lungworms were collected from lung washings at day 35 of infection as described previously (7) . ES products from these adults were obtained after overnight incubation (19) . To obtain adult soluble and water-insoluble extracts, 1 volume of adult worms was homogenized in 2 volumes of phosphate-buffered saline (PBS) containing complete protease inhibitor (Roche, Germany) in a Dounce homogenizer. After centrifugation (3,000 ϫ g, 20 min, 4°C) the pellet was resuspended in another 2 volumes of PBS with protease inhibitor and again collected by centrifugation. Both supernatants were combined and stored as soluble extract at Ϫ80°C. The pellet was resuspended in 1 volume of PBS, and whole extract was precipitated with trichloroacetic acidacetone (19) . Dry pellet was extracted with 1 volume of urea buffer (8 M urea in 10 mM Tris, pH 7.4; 20°C, 30 min) while shaking. After centrifugation (3,000 ϫ g, 20 min, 4°C), the supernatant was collected as the water-insoluble fraction and stored at Ϫ80°C.
Calves. Nineteen worm-free Holstein-Friesian female calves of 4 months of age were used. Sixteen calves were infected at day 0 with 30 (n ϭ 8) or 500 (n ϭ 8) L3 larvae. The remaining calves served as the challenge control group (n ϭ 3) and remained worm free until infected at day 35, when all animals received a challenge infection of 1,000 L3 larvae. After slaughter at day 56, worm counts from the lungs were performed as described previously (7), and protection against challenge infection was calculated based on worm counts. Blood samples were taken throughout the experiment, and the sera were stored at Ϫ20°C until use. Day 35 sera from the eight animals infected with 500 L3 larvae were pooled and used as the positive sera throughout the study. Pooled control (negative) sera were obtained from the same animals at day 0. All experimental procedures were approved by the ethical committee on animal experimentation of Utrecht University.
Collection of BALF. Bronchoalveolar lavage fluid (BALF) was collected as described previously (26) . After centrifugation (2,000 ϫ g, 10 min, 4°C) and measurement of the protein concentration, BALF supernatants were stored at Ϫ20°C until use. The BALF pellet was resuspended in PBS, and the number of cells was counted (microcell counter CC-108; Sysmex). Giemsa staining was performed on cytospins to determine the number of eosinophils, alveolar macrophages, neutrophils, and lymphocytes; 200 cells were scored. Cell numbers were expressed per mg of recovered BALF protein.
SDS-PAGE and Western blotting. Electrophoresis and Western blotting were performed as described previously (19) . Blots were incubated with pooled positive or negative bovine sera (1:1,000 dilution) and subsequently with anti-IgG1 monoclonal antibody (mAb) (mca 627, 1:1,000 dilution; Serotec) and alkaline phosphatase (AP)-conjugated goat anti-mouse Ig (1:2,000 dilution; DAKO). The mAb TEPC-15 (1:1,000 dilution; Sigma) served as a positive control for the detection of PC-containing glycoproteins (21) and was used in combination with goat anti-mouse Ig-AP (1:2,000 dilution; DAKO). AP activity was determined using 5-bromo-4-chloro-3-indolylphosphate (BCIP)-NBT (Sigma) as a substrate. For detection of lectin binding glycoproteins, blots were incubated with biotinylated wheat germ agglutinin (WGA), Lens culinaris agglutinin, and concanavalin A (ConA) (all from Pierce) at a concentration of 1 g/ml in Tris-buffered saline (TBS) containing 0.1% gelatin and 0.05% Tween 20. ConA binding was performed in the presence of 1 mM CaCl 2 and 1 mM MnCl 2 . Biotinylated lectins were detected with streptavidin-horseradish peroxidase conjugate (1 g/ml; Pierce). Reactivity was visualized with DAB (3,3Ј-diaminobenzidine tetrahydrochloride) as the substrate.
WGA chromatography. Ten milliliters of the water-insoluble protein fraction stored in 8 M urea, 10 mM Tris was diluted with 30 ml of TBS to 2 M urea. After the removal of precipitates (3,000 ϫ g, 5 min, 20°C), the supernatant was added to 2 ml of drained WGA-agarose (Sigma) and preequilibrated with TBS containing 2 M urea in a 50-ml tube. After 2 h of end-over-end rotation (20°C) and the removal of the supernatant (unbound fraction), the WGA-agarose with bound glycoproteins was transferred to a disposable polystyrene column (Pierce) and washed with 40 ml of TBS containing 2 M urea. Elution was performed with 10 ml of TBS containing 6 M urea and 1 M N-acetylglucosamine (GlcNAc), and 1-ml fractions were collected. Eluted fractions that contained protein (Bradford protein assay) were analyzed on SDS-PAGE gels, pooled, concentrated on a YM10 Centriprep (Amicon) to 1 g/l of protein, and stored at Ϫ20°C until use.
Affinity purification of anti-GP300. WGA-purified GP300 (100 g) was coupled to 0.33 g of CNBr-activated Sepharose 4B according to the protocol of the manufacturer (Amersham). Five-milliliter portions of negative or positive pooled sera were diluted with equal volumes of PBS, and 100 l of 0.5 M EDTA was added to inhibit calcium-dependent binding of C-reactive protein. The sera were incubated (4°C for 16 h or 20°C for 3 h) with the immobilized GP300 in a 50-ml tube by use of an end-over-end rotator. The supernatant (unbound fraction) was removed, and the GP300-Sepharose with bound antibodies was transferred to a disposable polystyrene column (Pierce). After being extensively washed with PBS to remove all unbound material, the bound fraction was eluted with 8 ml of 0.2 M glycin, pH 2.8. Fractions (1 ml) were directly neutralized with 100 l of 1 M Tris (not pH adjusted). Protein-containing fractions (fractions 1 to 3) were pooled and concentrated on a Centricon YM30 (Amicon) to a final volume of 0.5 ml. Enzyme-linked immunosorbent assay (ELISA) using GP300-coated plates indicated that Ͼ90% of the anti-GP300 reactivity of the positive serum was recovered in the bound fraction. The reactivity of the negative pooled sera towards GP300 was too low to determine the percentage of recovery. Part of the purified anti-GP300 (0.5 mg/ml in PBS) was biotinylated with EZ-Link sulfo-Nhydroxysuccinimide-biotin (Pierce) according to the instructions of the manufacturer.
Deglycosylation of glycoproteins. Protein deglycosylation was carried out by diluting 200 g of the water-insoluble protein fraction or 10 g of GP300 in Tris-urea buffer in four volumes of 50 mM K 2 HPO 4 , 25 mM EDTA (pH 7.0). SDS and 2-mercaptoethanol were added to final concentrations of 0.2% and 0.5%, respectively. Samples were boiled for 5 min, and 10% Triton X-100 was applied to a final concentration of 2%. After cooling of the samples to room temperature, 1 l (1 l ϭ 1 U) of recombinant peptide-N-glycosidase F (PNGase F; Roche) was added per 100 g of protein. Deglycosylation was allowed overnight at 37°C and terminated by boiling for 3 min. Mock-treated samples (all components except PNGase F) were incubated simultaneously in all cases.
Detection of glycosylation. Mock-and PNGase F-treated extracts were run on SDS-PAGE gels. Staining of glycoproteins was done with a Pro-Q emerald 300 glycoprotein gel and blot stain kit (Molecular Probes) according to the manufacturer's instructions. After being stained for glycoproteins, the same gel was stained with silver to visualize total protein contents. GP300 competitive ELISA. Affinity-purified and biotinylated anti-GP300 (0.05 g Ig/ml) was mixed with different concentrations of potential inhibitory Igs (100 to 0.003 g/ml), incubated for 1 h at 37°C, and transferred to ELISA plates coated with 0.05 g/ml of GP300 as described previously (19) . Binding of anti-GP300-biotin was detected with 1 g/ml of streptavidin-horseradish peroxidase (Pierce) and 3,3Ј,5,5Ј-tetramethylbenzidine (15 min). Color development was stopped with H 2 SO 4 , and optical density at 450 nm (OD 450 ) was measured in a Ceres UV 900C plate reader. PAF ELISA. Antibody binding to PAF was carried out as described previously (27) but with modifications for the bovine system. Purified PAF (Sigma) was stored in ethanol (EtOH; 20 mg/ml) at Ϫ20°C. Maxisorp plates (Nunc) were coated (16 h, 4°C) with 25 l/well of PAF in EtOH (200 g/ml). After evaporation of the EtOH, the plates were washed once with TBS, blocked with dilution buffer (TBS containing 0.1% gelatin), and incubated with serial dilutions of anti-GP300. Ig isotype-specific detection was performed using anti-IgG1 (mca 627, 1:200 dilution; Serotec) or anti-IgA (mca 628, 1:200 dilution; Serotec) in dilution buffer and goat anti-mouse Ig-AP (D0486, 1:1,000 dilution; DAKO). The PC-specific antibody TEPC-15 (Sigma) (21) and the negative control antibody IE7 (20) served as controls. All incubation steps were performed for 1 h at 20°C. Antibody binding was determined with a pNPP kit (Pierce), and OD 405 was measured in a Ceres UV 900C plate reader.
GP300 and ES-specific ELISA. Antibodies in bovine sera (1:1,000 dilution) directed against GP300 were detected with the GP300-specific ELISA. ELISA plates were coated with WGA-purified GP300 that received PNGase F or mock treatment (0.2 g/ml). Binding of Igs was determined using one of the following isotype-specific mAbs in combination with goat anti-mouse Ig-AP (D0486, 1:2,000 dilution; DAKO) and the pNPP kit: anti-IgG1 (mca 627; Serotec), antiIgA (mca 628; Serotec), and anti-IgG2 (mca 626; Serotec) (all at 1:1,000 dilution). Reactivity was quantified using a Ceres UV 900C plate reader. The abovedescribed procedure was also used to detect ES-specific antibodies, except that in these assays, plates were coated with 2 g/ml ES and BALF was diluted to a concentration of 50 g/ml of protein.
Statistical analysis. Correlations were calculated with Spearman's nonparametric correlation test from the SPSS software package (version 10.01.0).
Purification of GP300 using WGA affinity chromatography. To purify GP300, adult insoluble extract was applied to WGAagarose. After extensive washing to remove unbound materials, bound glycoproteins were eluted with TBS containing 6 M of urea and 1 M of GlcNAc. Analysis of all fractions by SDS-PAGE and silver staining (Fig. 2A) demonstrated that, as expected, the eluted fractions contained only the double band characteristic of GP300. Western blotting with sera from infected animals (Fig. 2B) confirmed that the eluted fractions contained the immunodominant glycoprotein, while virtually no GP300 was detected in the unbound fraction. Based on the amount of recovered protein, it was estimated that 100 mg of water-insoluble protein applied to the WGA affinity column yielded ϳ90 g of purified GP300.
To further confirm the identity of the purified material, the purified glycoprotein was submitted to treatment with PNGase F. This enzyme removes the N-linked glycan moieties of the proteins that lack core ␣(1,3) fucosylation (29) . Emerald 300 glycan staining showed that the enzyme treatment completely removed the carbohydrate moiety from the protein, demonstrating that the glycan was N linked without core ␣(1,3) fucosylation (Fig. 3A) . Silver staining showed that deglycosylation reduced the size of the purified protein from ϳ390 and ϳ310 kDa to ϳ320 and ϳ240 kDa, respectively (Fig. 3B) , indicating that the protein is heavily glycosylated.
The N-glycans of GP300 contain PC. Carbohydrate analysis on GP300 by use of mass spectrometry did not yield a resolution sufficient to determine the structure of the glycan moiety (data not shown), possibly due to the presence of highly charged posttranslational modifications. One charged component previously identified on glycans of nematodes is PC. To investigate the possible presence of PC on GP300, blots with GP300 were probed with the PC-specific mAb TEPC-15. The antibody clearly recognized GP300 and deglycosylation resulted in the loss of reactivity, indicating that the PC was attached to the glycan moiety (Fig. 3C) . Probing of blots containing the complete adult insoluble fraction with TEPC-15 showed exclusive reactivity with GP300 (Fig. 3D) , suggesting that the substitution with PC is unique to GP300.
Immunogenicity of the PC attached to GP300. To investigate whether antibodies elicited by lungworm infection also recognized the PC moiety on GP300, a competitive ELISA was developed. For this purpose, GP300-specific antibodies were affinity purified from sera from infected calves and biotinylated. These antibodies specifically recognized GP300 (Fig. 4,  insert) . In the competitive ELISA with plates coated with purified GP300, the binding of biotinylated GP300-specific antibodies to the antigen was measured in the presence of various concentrations of the PC-specific antibody TEPC-15. As shown in Fig. 4 , TEPC-15 caused Ͼ90% inhibition of binding of GP300-specific antibodies, while no inhibition of binding was observed for the control mAb IE7 (20) . Inhibition was also obtained with the pooled sera from which the GP300-specific antibodies were derived but not with pooled sera obtained before infection from the same animals (Fig. 4) . Furthermore, 2 . Purification of GP300. GP300 was purified from waterinsoluble extract by use of WGA affinity chromatography and analyzed by SDS-PAGE and silver staining (A) and Western blotting with IgG1 from sera of infected animals (B). Materials loaded onto the gel: starting material (lanes 1), WGA-unbound fraction (lanes 2), and WGA-bound proteins (lanes 3) .   FIG. 3 . Posttranslational modifications on GP300. For glycan detection, purified GP300 was PNGase F (ϩ) or mock (Ϫ) treated, run on SDS-PAGE gels (0.5 g protein/lane), and stained with emerald glycan stain (A) and then with silver (B). For detection of PC, WGApurified GP300 (0.5 g protein/lane) (C) and water-insoluble (insol.) extract (7.5 g protein/lane) (D) were separated by SDS-PAGE, blotted, and probed with the anti-PC mAb TEPC-15. binding of both TEPC-15 and the biotinylated GP300-specific antibodies was inhibited in the presence of 1 mM of free PC but not with 1 to 10 mM of phosphorylethanolamine or phospho-L-serine (not shown). Together, the data indicate PC as the major immunodominant epitope on GP300 in infected calves.
Cross-reactivity of GP300-specific antibodies with PAF. PCsubstituted structures from many pathogens are known to exert immunomodulatory effects (10) , but mammals themselves also produce PC-containing molecules such as the inflammatory mediator PAF. The finding that lungworm infection elicits PC-specific antibodies led us to investigate whether these antibodies cross-react with PAF and thus perhaps neutralize PAF function. Direct binding of GP300-specific antibodies to PAF was investigated by ELISA with PAF-coated plates. This showed that affinity-purified anti-GP300 derived from sera from infected calves cross-reacted with PAF in a dose-dependent fashion (Fig. 5) . The sera contained anti-PAF antibodies of both the IgG1 and IgA isotypes. Importantly, sera from the same calves obtained prior to infection did not contain anti-PAF antibodies (Fig. 5) . These results clearly demonstrate that GP300 and PAF share PC epitopes and that lungworm infection elicits cross-reactive antibodies.
Correlation of anti-GP300 with parasite-specific responses. Among many other biological effects, PAF is known to stimulate IgG2 and IgA production and to attract eosinophils. Thus, it is plausible that the generation of GP300-specific antibodies that cross-react with PAF may result in reduced IgG2 and IgA (but not IgG1) responses and a reduced influx of eosinophils in the infected lung. We analyzed the anti-GP300 levels in sera of calves that received either no dose, a low dose, or a high dose of L3 larvae (parasitological data are shown in Table 1 ). For all three groups of animals, infection resulted in the generation of GP300-specific antibodies of all tested isotypes (IgA, IgG1, and IgG2) (Fig. 6 ). These antibodies were directed mainly against the glycan moiety, as the reactivity against the protein backbone of GP300 was generally low after primary infection. Even after subtraction of the reactivity against the protein backbone, which (as expected) increased upon challenge of the animals (19), IgG1 was the most reactive isotype against the glycan moiety, and its level increased during the entire duration of infection in all groups. Anti-GP300 IgG1 levels were highest for the group that initially received the highest dose, while this group showed the lowest GP300-specific IgA and IgG2 levels at the end of the experiment (Fig. 6) . Similarly, ES-specific IgA, but not IgG1, levels in BALF were lower in the high-dose group at the end of the experiment (ES-specific IgG2 levels in BALF were below the detection limit) (Fig. 7) . Comparison of the eosinophil influxes in BALF samples of both groups revealed in addition that the influx of eosinophils, but not of macrophages, in BALF was lower in the high-dose than in the low-dose group of animals (Fig. 7) . When both groups were combined, we found a significant negative correlation of GP300-specific IgG1 levels at day of challenge (day 35) with ES-specific IgA levels (P Ͻ 0.01) and the number of eosinophils (P Ͻ 0.05) after challenge (day 54). Such correlations were found neither for alveolar macrophage numbers nor for ES-specific IgG1 levels. All these observations are consistent with the hypothesis that anti-GP300 IgG antibodies neutralize PAF activity, resulting in reduced IgG2 and IgA titers and a reduced influx of eosinophils into the lung. A mechanism that down-regulates IgG2 but not IgG1 is of particular interest, FIG. 4 . Competition for GP300 binding between anti-GP300 and TEPC-15. Binding of biotinylated GP300-specific antibodies to GP300-coated ELISA plates was measured in the presence of the anti-PC mAb (TEPC-15) or sera from infected calves (pos). Sera from noninfected animals (neg) and a nonrelevant mAb (NR) served as controls. The inhibition of anti-GP300 binding to the antigen was expressed as the percentage of binding in the absence of inhibitors. Data are means of two independent assays with each measurement performed in duplicate. The insert shows the reactivity of biotinylated GP300-specific antibodies with PNGase F-treated (ϩ) or mock-treated (Ϫ) GP300, as determined by Western blotting. b Only young adults, resulting from the challenge infection, were counted. c Percent protection is based on worm counts from infected animals compared to those from the challenge control group.
as the IgG2/IgG1 ratio is correlated with protection against infection (Fig. 8) .
DISCUSSION
In this study, we purified and characterized the major immunodominant glycoprotein (GP300) of the nematode D. viviparus. GP300 binds to the lectin WGA, is substituted with PC, and lacks core ␣(1,3) fucosylation. Interestingly, the PC group elicits anti-GP300 antibodies in infected calves that cross-react with the PC moiety of the proinflammatory mediator PAF. Neutralization of PAF by anti-GP300 antibodies is proposed as a possible mechanism for the observed down- 8 . Correlation between protection against infection and the GP300-specific IgG2/IgG1 ratio at day 54. The ratio of the GP300-specific IgG2 and IgG1 levels was calculated from the data presented in Fig. 6 (mock-treated GP300) . The correlation between the ratio and protection (r 2 ϭ 0.762) was statistically significant (P Ͻ 0.05) for the group receiving the high primary infection dose. There was no correlation between the IgG2/IgG1 ratio and protection for the group that received the low primary dose (not shown).
regulation of IgG2 and IgA levels and the reduced influx of eosinophils during lungworm infection.
Western blotting indicated that GP300 was the only WGAreactive molecule of D. viviparus. This allowed the successful purification of GP300 by lectin affinity chromatography. Purification required, besides 1 M of GlcNAc, the presence of 6 M of urea in the WGA elution buffer, possibly due to the high affinity of GP300 for WGA or the formation of larger protein complexes (not shown). The urea requirement during purification may explain why previous attempts to purify glycoproteins of D. viviparus with WGA affinity chromatography have not been successful (3) . The binding of GP300 to the lectin indicates the involvement of GlcNAc and/or NeuNAc residues. As NeuNAc residues have thus far never been identified on N-linked glycans of nematodes, we expect that the WGA reactivity of GP300 is mediated via GlcNAc residues.
GP300 is also unique in that it was the only glycoprotein of D. viviparus that carried PC. This constituent was identified through its reactivity with the PC-specific mAb TEPC-15. Haslam et al. (12) characterized by mass spectrometry N-glycans released from detergent extracts of whole adult D. viviparus. Many complex type structures were found, but PC-containing structures were not reported. For other nematodes, PC-linked N-glycans have been demonstrated and found to be all of the complex type with or without core ␣(1,6) fucosylation and carrying between two and six GlcNAc residues. None of these structures were core ␣(1,3) fucosylated. For distantly related nematodes like the filaria Acanthocheilonema viteae (13) , Trichinella spiralis (23) , and the free-living nematode Caenorhabditis elegans (4), PC has been reported to be linked to an N-acetylhexosamine, most likely GlcNAc. Because of the reactivity of GP300 with WGA, it seems plausible that in D. viviparus PC is also attached to a GlcNAc residue. This suggests that WGA purification may be a good tool to purify PC-substituted N-glycans from other nematodes as well.
Our results clearly indicate that D. viviparus infection in calves elicits PC-specific antibodies, and, interestingly, that these antibodies cross-react with the proinflammatory mediator PAF. PAF is a pleiotropic mediator influencing a broad range of cells. In the lungs, it induces vascular permeability, bronchoconstriction, and airway hyperreactivity; patients with asthma, edema, and sepsis show increased levels of PAF (30) . In human peripheral blood mononuclear cells, PAF stimulates IgG2 but not IgG1 production, and the effect is neutralized by the PC-specific antibody TEPC-15 (15) . In the present study, TEPC-15 served as a positive control in all our experiments and exhibited binding characteristics towards GP300 and PAF similar to those of the bovine GP300-specific antiserum. This suggests that anti-GP300 may also be able to neutralize PAF activity. Indeed, in experimental infections the groups of animals with the highest levels of the putative neutralizing antibody (GP300-specific IgG1) at the day of challenge had the lowest levels of IgG2 (and IgA) after challenge. Furthermore, we found a negative correlation between GP300-specific IgG1 levels at the day of challenge and local parameters such as the influx of eosinophils and ES-specific IgA in BALF after challenge. This was not the case for the influx of alveolar macrophages or ES-specific IgG1 levels in BALF. These observations are consistent with the notion that anti-GP300 may neutralize PAF activity, as both IgA production (14, 25) and eosinophil influx (32) are PAF dependent.
What might be the biological function of the parasite-induced anti-PC antibodies? Our findings indicate that the IgG2/ IgG1 ratio (which may reflect the Th1/Th2 ratio) correlates with protection against D. viviparus infection (Fig. 8) . Furthermore, lungworm disease manifests with clinical signs typically associated with PAF, such as edema, bronchoconstriction, and influx of eosinophils. Thus, it can be imagined that parasiteinduced neutralization of PAF limits the development of protection (by limiting the IgG2 response) as well as the development of harmful inflammatory responses (2) . The overall effect might be favorable to both the host and the parasite. Such a mutually beneficial effect of inhibition of the PAF response resembles observations with PAF receptor-deficient mice showing enhanced worm survival and decreased inflammation upon infection with the nematode Strongyloides venezuelensis (24) . Finally, it should be noted that in addition to the development of PAF-reactive antibodies, PC-containing structures such as GP300 may also exert direct immunomodulating effects, as observed for ES-62, a filarial glycoprotein containing PC substituted to N-glycans (11) . ES-62 interacts with B and T cells, dendritic cells, and macrophages, skewing the response to a Th2/anti-inflammatory phenotype. Recently, it was demonstrated that most but not all of these effects could be attributed to the PC moiety (8) . Neutralization of PAF activity might be another previously unrecognized strategy of parasites to modulate the host response.
